Buy ers, sell ers, admini stra tions, streets, bridges, and build ing are always chang ing, so that a city's coher ence is some how imposed on a per pet ual flux of peo ple and struc tures. Like the stand ing wave in front of a rock in a fast-moving stream, a city is a pat tern in time. Debates over met ro poli tan devel op ment in the United States typi cally are grounded in the assump tion that we must trade off between eco nomic devel op ment and envi ron ment. They assume that eco nomic growth causes envi ron mental deg ra da tion and that envi ron mental pro tec tion o nly cuts into the econ omy. The view that envi ron ment and econ omy are dichoto mous is grounded in a con cept of a zero-sum world. This way of think ing has led to bit ter divi sions among inter ests and schol ars and has also made it vir tu ally impos si ble to imag ine a sus tain able soci ety in any real is tic way. Either rich coun tries will have to reduce con sump tion dras ti cally and poor ones be held b ack from wealth, or the envi ron ment will be destroyed. Cit ies will have to choose between clean In nes, Boo her / MET RO POLI TAN DE VEL OP MENT
A major national debate is under way about the effects of the regu la tion of devel opment and land use pat terns on met ro poli tan econo mies. Because this is often framed around whether sprawl ing devel op ment pat terns are harm ful or bene fi cial to the economy and envi ron ment, we are seem ingly pre sented with an either/or choice. This article asserts that the debate misses the real ity that met ro poli tan devel op ment occurs as part of a com plex sys tem. If we view met ro poli tan devel op ment as a com plex sys tem, there is no fun da men tal con flict between envi ron mental goals and eco nomic devel opment. Exam in ing the case of Cali for nia, the authors dem on strate how the rela tion ship between these is part of a larger sys tem involv ing fis cal pol icy, gov ern ance struc ture, infra struc ture pol icy, and other fac tors. The authors pro pose three strate gies for improv ing met ro poli tan sys tem per form ance to ensure sus tain able met ro poli tan econo mies and envi ron ments: devel op ing and using indi ca tors for self-organizing urban sys tems, col labo ra tion and con sen sus build ing among met ro poli tan stake holders, and met ro poli tan lead er ship.
Buy ers, sell ers, admini stra tions, streets, bridges, and build ing are always chang ing, so that a city's coher ence is some how imposed on a per pet ual flux of peo ple and struc tures. Like the stand ing wave in front of a rock in a fast-moving stream, a city is a pat tern in time.
-John Hol land (1995) Effi cient firms can not func tion for very long in inef fi ciently con fig ured met ro poli tan regions.
-Rich ard H. Mat toon (1995), Fed eral Reserve Bank of Chi cago
Debates over met ro poli tan devel op ment in the United States typi cally are grounded in the assump tion that we must trade off between eco nomic devel op ment and envi ron ment. They assume that eco nomic growth causes envi ron mental deg ra da tion and that envi ron mental pro tec tion o nly cuts into the econ omy. The view that envi ron ment and econ omy are dichoto mous is grounded in a con cept of a zero-sum world. This way of think ing has led to bit ter divi sions among inter ests and schol ars and has also made it vir tu ally impos si ble to imag ine a sus tain able soci ety in any real is tic way. Either rich coun tries will have to reduce con sump tion dras ti cally and poor ones be held b ack from wealth, or the envi ron ment will be destroyed. Cit ies will have to choose between clean envi ron ments and pros per ity. They either will be devel oped accord ing to the dic tates of deve l op ers and the free mar ket or accord ing to the heavy-handed rule of regu la tors. But nei ther sce nari o is sustain able. In the first case, the met ro poli tan envi ron ment will become so unde sir able that b usi ness will wither and peo ple will move away. In the sec ond, regu la tion will sti fle entre pre neur sh ip and reduce prof its, destroy ing jobs and busi ness. Increas ingly in the United States, the more sophi s ticated busi nesses rec og nize that a qual ity envi ron ment is nec es sary to their own suc cess (M at toon, 1995; Myers Rich ter), and some envi ron men tal ists have con cluded that a thriv ing econ omy off ers resources to restore and pro tect the envi ron ment. But nei ther busi ness nor envi ron mental int er ests are unani mous or com fort able with such views; they go against too much that these play ers have assumed for too long.
New under stand ings of com plex adap tive sys tems, how ever, pro vide an alter na tive view, in which envi ron ment and econ omy are no longer dichoto mous. Com plex sys tems think ing helps to dis solve this para dox while offer ing a work able approach to sus tain abil ity. This kind of thi nk ing also pro vides plan ners with ways to under stand the inter re la tion ships of eco nom ics, pub li c finance, and the envi ron ment in the met ro poli tan devel op ment sys tem and to avoid the sim pl is tic think ing that results in poli cies with coun ter in tui tive and unan tici pated nega tive con se quences. Part of this new think ing involves accept ing the sur pris ing idea that con trol is nei ther pos si ble nor desir able but that giv ing up the goal of con trol does not mean giv ing up. Cer tain strate gies can make com plex sys tems more adap tive and inno va tive and thus sus tain able, but these are nei ther th e topdown regu la tion nor the for mal plan mak ing and imple men ta tion that the cur rent Cali for ni a legal sys tem envi sions. Con ser va tive econo mists who argue for the wis dom of the dis trib uted inte l ligence and par al lel proc ess ing of infor ma tion that mar kets rep re sent are closer to the mark in understand ing how to work within com plex sys tems than are regu la tors who argue for tight con trol a nd attempt to enforce care fully crafted rules. On the other hand, such econo mists fail to take into account that eco nomic moti va tions are only part of the many forces simul ta ne ously at work.
In this arti cle, we will build on insights emerg ing from the study of com plex adap tive sys tems to reflect on how a mul ti plic ity of insti tu tions, prac tices, and moti va tions jointly inter act to shape met ro poli tan devel op ment. We will rely on the exam ple of Cali for nia, where gov ern ance and interests are par ticu larly frag mented and com plex and where the fail ure to rec og nize the dynam ic s of com plex sys tems has pro duced poli cies and laws with increas ingly coun ter pro duc tive and uns ustain able results. We lay out some key ideas from com plex ity the ory, illus trat ing their appli ca tion in the Cali for nia case, and then develop an alter na tive way to under stand sus tain abil ity withi n a complex sys tem frame work. Finally, we sug gest strate gies to guide met ro poli tan devel op ment so that it can be more sus tain able.
DE VEL OP MENT DE CI SION MAK ING IN CALI FOR NIA
Cali for nia is an excel lent exam ple for reflect ing on the com plex sys tems nature of met ro po li tan devel op ment. It is in con stant change and evo lu tion. With the excep tion of a few brief down t urns, the state has been grow ing stead ily so that it now is, based on its gross state prod uct, the sev enth larg est econ omy in the world. Over the next dec ade, Cali for nia's popu la tion is expected to g row by almost 20%, its job force by more than 17%, and its econ omy to more than a tril lion dol lars (Cen ter for the Con tinu ing Study of the Cali for nia Econ omy, 1997). At the same time, it is renowned fo r a beau ti ful and diverse natu ral envi ron ment, which is at risk today as its lim ited water resour ces absorb the impacts of devel op ment, as its habi tat for endan gered spe cies dis ap pears, and as its air qual ity dete rio rates. Although the state has long pros pered, the path it is now on appears to b e unsus tain able. The state's gov ern ance mecha nisms and incen tive struc tures affect ing the sha p ing of places are frag mented and con fus ing. How to inter vene and effec tively change the course of the state is not obvi ous to any one. We will lay out here some of the fac tors that make Cali for nia such a com plex and chal leng ing decision-making envi ron ment but that, para doxi cally, also offer the oppor tu nity to build a sus tain able sys tem-because of that very com plex ity and uncer tainty.
In Cali for nia, the state has land use con trol author ity, but it has elected to trans fer much-b ut not all-of this respon si bil ity to local gov ern ments. Hence, cit ies and coun ties pre pare gen eral plans, enact zon ing and other land use regu la tions, impose devel op ment and impact fees, evalu ate envi ron mental impacts, and issue devel op ment per mits. Simul ta ne ously, a myr iad of other special-purpose local gov ern ments carry out spe cific gov ern men tal func tions, rang ing from pro vision of water or trans por ta tion to edu ca tion. A special-purpose local gov ern ment may even d o mosquito abate ment. Hence, there are more than 7,000 units of local gov ern ment (with 15,000 elected offi cials) 1 in Cali for nia, many of which have inde pend ent decision-making author ity that influences devel op ment. This maze of insti tu tions makes pub lic under stand ing of fis cal and gov e rn ance respon si bili ties dif fi cult. Moreo ver, each unit of gov ern ment has chal lenges to oper at in g effectively in such a frag mented con text and lit tle knowl edge of what oth ers are doing. There have been many reform efforts (e.g., Cali for nia Con sti tu tion Revi sion Com mis sion, 1996) but so far li t tle suc cess. Finally, land use deci sions are also indi rectly influ enced by fis cal and regu la tory deci sions of fed eral agen cies, such as the Envi ron men tal Pro tec tion Agency or the Depart ment of Trans por ta tion.
The state itself has no state wide gen eral plan or strat egy, but it does require every city and county gov ern ment to pre pare a gen eral plan. The state sets the required con tent areas of loca l general plans and speci fies processes for adop tion, amend ment, and adju di ca tion. The gen eral pl an must be long range (20 years or more), com pre hen sive, and inter nally con sis tent. Land use pla nning and regu la tion are directed by city coun cils and county boards of super vi sors, elected in nonpar ti san elec tions, but much of the day-to-day deci sion mak ing is car ried out by appointed citi zen plan ning com mis sions with the assis tance of pro fes sional plan ners. There is lit tle state ov er sight of the com pli ance of local gov ern ments with state planning law. Instead, the state relies on liti ga tion by affected par ties, such as devel op ers, envi ron men tal ists, or neigh bor hood groups. The la w requires that land use regu la tions be con sis tent with the gen eral plan, for exam ple, and this is often the sub ject of liti ga tion among com pet ing local inter ests. Another com mon sub ject for liti ga tion is appli ca tion of the Cali for nia Envi ron men tal Qual ity Act, which per mits chal lenges to envi ronmental impact assess ments of devel op ment proj ects when they are thought to be inade quate. General-purpose met ro poli tan or regional authori ties do not exist, nor does the state review t he con tent of plans for coor di na tion pur poses or for assess ing the cumu la tive or inter ac tive con sequences of deci sions.
Cali for nia local juris dic tions as well as state agen cies are sub ject to a wide range of com p et ing pres sures from organ ized inter ests, reflect ing the diverse nature of the state. Par ticu larly active groups rep re sent agri cul ture, high tech nol ogy, busi ness, build ers and real estate, non prof it and afford able hous ing, labor unions, envi ron men tal ists, tax pay ers, and neigh bor hoods. These inter est groups make land use plan ning and devel op ment even more com plex, as well as highly con tro versial. Deal ing with them can make the process for devel op ment lengthy so that there is a dis junc ture between the devel op ment action and the eco nomic con di tions that trig gered the request. Approv als for a mod est hous ing devel op ment rou tinely require hun dreds of hours of meet ings and 4 years of proc ess ing, whereas large-scale or com plex devel op ments can take much longer.
Over ly ing this com plex and frag mented insti tu tional and politi cal con text is an even more c omplex and frag mented fis cal sys tem that, in many cases, is the most impor tant sin gle influ ence on local land use deci sions. State and local tax and reve nue struc tures and pro gram respon si bili ties are inter woven so thor oughly that most peo ple have lit tle under stand ing of which tax goes where a nd which gov ern ment is respon si ble for which serv ice. The three most impor tant tax sources are t he income tax (mostly going to the state), the local real prop erty tax (the major ity of which funds school dis tricts, thereby reliev ing the state of some of this respon si bil ity), and the sales t ax (divided between the state and the city and county gov ern ments where it was raised). A mix of other tax sources is impor tant too, includ ing local util ity and busi ness license taxes, vehi cle license taxes, state alco hol and tobacco taxes, and state gaso line taxes. Finally, fees on new devel op ment fun d much local infra struc ture. Other pub lic facili ties, both new and exist ing, are funded by bene fit assess ments on peo ple within a special-assessment dis trict. This is a pro por tional tax, based on pro vid ing a serv ice to those peo ple and busi nesses that will bene fit (Cali for nia Plan ning Round table, 1997).
The most impor tant fac tor in the state's com pli cated fis cal struc ture is a series of con sti tu tional amend ments, writ ten and placed on the bal lot by citi zens and passed by vot ers.
2 Propo si tion 13 (Dresch & Shef frin, 1997) . Since Propo si tion 13, state and local gov ern ments have adjusted and cre ated new devices to fil l the reve nue holes. These reac tions have, in turn, caused citi zens to put for ward addi tional ba l lot initia tives, which do such things as place reve nue and expen di ture lim its on all units of gov ern ment, con sti tu tion ally pro tect a pro por tion of reve nues for schools, require voter approval of al l new or increased local taxes, and place strin gent restric tions on bene fit assess ments. In 1991, the st ate legis la ture shifted an addi tional $3 bil lion in prop erty tax reve nues away from cit ies and coun ties to school dis tricts to deal with a state reve nue short fall stem ming from Propo si tion 13. The res ult is a fis cal sys tem that not only chal lenges voter and leg is la tor under stand ing and gen er ates p ub lic frustra tion but also makes it dif fi cult for any juris dic tion, includ ing the state, to pro vide in fra struc ture or under take other growth-related pro grams for envi ron mental or eco nomic improve ment (Schrag , 1998) .
With all these restric tions, the situs-based sales tax has become the most impor tant local revenue source. As a result, cit ies and coun ties have been increas ing their com pe ti tion for land uses that gen er ate sales tax reve nues, decreas ing their will ing ness to approve land uses that gen er at e low prop erty tax (such as afford able hous ing), and increas ing their reli ance on devel op ment fees to finance com mu nity facili ties. Even employee-intensive manu fac tur ing land uses are fis cally unattrac tive because income taxes go to state gov ern ment and most prop erty taxes go to school dis t ricts. As a result, com mu ni ties are far more likely to approve large-scale shop ping cen ters than to approve clean, high-profit indus try. The large-scale dis count shop ping mall and "big box" reta il 3 are mas sive land users, which typi cally drain the com mer cial energy from the town cen ters and exist ing malls to the regret of the local resi dents. These facili ties are usu ally scat tered ar ound fringes of met ro poli tan regions in which ever towns hap pen to need reve nues rather than in any efficient way (Ful ton, 1997).
The con se quences of this pat tern are, first, high costs to the region for such infra struc ture as roads and sew ers, as well as auto mo bile traf fic and con ges tion and air-quality prob lems. Se c ond, large-scale shop ping facili ties may pro vide reve nues for one town, but they under mine the eco nomies of neigh bor ing towns; as their reve nues shrink, their schools and serv ices may also declin e in qual ity. These areas then become less attrac tive as loca tions for busi ness or middle-income re sidents, and the sec ond-or third-order effect is to reduce the reve nues fur ther and increase nei gh boring towns' incen tive to approve region ally inef fi cient land uses (Cali for nia Plan ning Round ta ble, 1997). Funds for infra struc ture proj ects have grown increas ingly inade quate as a result of bot h the sprawl ing pat terns and the fis cal con straints so that by 1997, there was a pro jected $29 bil l ion deficit in such funds (Cali for nia Plan ning Round ta ble, 1997). This defi cit has, in turn, fur ther increased hous ing costs, pro duced over crowded schools, and closed or cur tailed use of parks and librar ie s. Moreo ver, the sprawl ing pat tern of devel op ment has increased depend ence on the car, which, in turn, requires mas sive park ing, causes air pol lu tion, and reduces the poten tial for land use d ense enough to sup port alter na tive trans por ta tion (Ful ton, 1997). Other second-order effects inc lude dis turb ing trends to the crea tion of high-priced, typi cally White, gated com mu ni ties, pro t ected from the costs asso ci ated with the poor or with crime (Blakely & Sny der, 1997) . These trends, although dam ag ing to the met ro poli tan sys tem as a whole, increase the rela tive attrac tive n ess of sub ur ban low-density devel op ment to fami lies with the resources to make the choice (Downs, 1994) .
The over all unsus tain able pat tern in Cali for nia is not one that can be blamed sim ply on popu lar expla na tions, such as Cali for nians' love affair with the car or their pref er ences for large y ards and detached hous ing. Nor can it be blamed on eco nomic growth itself. Rather, it is a prod uct of a s et of inter act ing fac tors that are locked into a com plex, vicious-circle pat tern. Efforts to inter vene have been made by one or another set of inter ests-each grasp ing the ele phant by only one of its parts and mis un der stand ing the whole. The effects of each new law and man date have been not only to make the sys tem more com plex and less trans par ent but also to pro duce out comes not intended b y the pro po nents of the change. The sys tem has, by now, become too com plex for any one to solve these prob lems with a sim ple reor gani za tion or new law. The rami fi ca tions of any pro posal are too many and too uncer tain.
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GROW ING AWARE NESS OF THE COSTS OF SPRAWL
As the con se quences of this com plex array of con di tions emerge, rec og ni tion is increas ing in many quar ters, includ ing the busi ness com mu nity, that com pact devel op ment pat terns are sup portive of a state or region's econ omy rather than harm ful to it. Busi ness has often regarded devel opment regu la tion as a cost and a hin drance to com peti tive ness. A number of recent stud ies hav e shown, how ever, that busi ness func tions as part of a com plex sys tem of linked fac tors in the physical envi ron ment and the gov ern men tal con text, as well as in the econ omy. For exam ple, Mat t oon (1995) has shown that effi cient met ro poli tan land use pat terns have been closely linked to com petitive ness and pro duc tiv ity in regions across the United States. Com pact pat terns also have bee n shown to save sig nifi cant fis cal resources. 5 The Bank of Amer ica, along with the Cali for nia Resources Agency, chal lenged con ven tional wis dom in the devel op ment indus try when they released a report early in 1995, argu ing that "unchecked sprawl has shifted from an engine of Califor nia's growth to a force that now threat ens to inhibit growth and degrade the qual ity of our l ife" (p. 1). Another study, com mis sioned by the Ameri can Farm land Trust (1995) , found that urban sprawl in the Cen tral Val ley of Cali for nia, for exam ple, would con sume much more farm land, cause greater reduc tion in agri cul tural com mod ity sales, and dra mati cally increase the costs of pub lic serv ices than would com pact growth. The state's Lit tle Hoo ver Com mis sion (1995) , whos e mis sion is to inves ti gate gov ern ment and make rec om men da tions to pro mote effi ciency, eco n omy, and improved serv ice, con cluded that the cur rent processes of deci sion mak ing in land use are result ing in con flicts that are costly to the state because they are pre vent ing the achieve men t of more effi cient growth pat terns "essen tial to the State's eco nomic and envi ron mental health" ( p. 1). A U.S. Fed eral Reserve Bank report (Mat toon, 1995) docu mented the impor tance to the mid western econ omy of achiev ing alter na tives to the exist ing growth pat terns cur rently "lead ing to urban sprawl and the inef fi cient deliv ery of pub lic goods and serv ices, that will ulti mately under mine the eco nomic pros pects of entire met ro poli tan regions" (p. 20).
COM PLEX ITY THE ORY AS A FRAME WORK
We can tackle the under stand ing of the shap ing of places if we start with a con cep tion of the social, politi cal, and eco nomic world as a com plex, self-organizing, adap tive sys tem, par al lel to those that are being iden ti fied in the physi cal and bio logi cal sci ences, and if we regard met ro poli tan devel op ment itself as a com pa ra ble, com plex, adap tive sys tem.
6 Com plex ity the ory has par ticu lar appli ca tion today because we are in an unsta ble time, in which much is unpre dict able and chang e is con stant. Exist ing struc tures and pat terns of rela tion ships and organi za tion are in flux (C as tells, 1996) . Under such con di tions, the pre domi nant West ern world view since the Enlight en ment is no longer as use ful as it once was. This view has been domi nated by a New to nian, mecha nis tic mod el (Capra, 1982) , which, as a model of real ity, is quite alien-not only to con tem po rary con di tio ns but more gen er ally to the way urban ists and plan ners under stand what shapes urban pat terns. The domi nant, though tacit, meta phor was that natu ral and social sys tems are like machines: com pos ed of sepa ra ble parts that can be ana lyzed and under stood indi vidu ally.
7 Their ensem ble is noth ing more than the sum of these parts. Yet, noth ing could be less like urban place mak ing, which is co nstantly evolv ing and results from per pet ual and com plex inter ac tion among many parts. In
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We can tackle the understanding of the shaping of places if we start with a conception of the social, political, and economic world as a complex, self-organizing, adaptive system, parallel to those that are being identified in the physical and biological sciences, and if we regard metropolitan development itself as a comparable, complex, adaptive system. mechani cal sys tems, the parts are inter change able. The natu ral ten dency is for their dynam ic s to move them toward an equi lib rium state. Hav ing been set in motion, this machine-like uni verse i s driven by laws that, if we could uncover them, we could use to pre dict its behav ior. Over time, t his uni verse and the sys tems within it gradu ally lose what ever energy has been applied to them. The mecha nis tic per spec tive con tends that, with an ade quate the ory, accu rate obser va tions, an d appropri ate inputs, we could con trol how a given sys tem behaves (Hwang, 1996) and pre dict the result s of an inter ven tion. Yet, dec ades of try ing to change the direc tion of change in urban places, using this sort of care fully devel oped inter ven tion, have pro duced lit tle to sug gest that a mecha nis tic approach makes sense when applied to natu ral or social sys tems. Over the past dec ade, how ever, a new view of how sys tems work has begun to emerge in the think ing of many sci en tists and mathe ma ti cians-a view that pro vides a far bet ter anal ogy f or under stand ing met ro poli tan devel op ment and how it works than does the mechani cal con cep ti on. This model is based on the study of com plex adap tive sys tems in a state "at the edge of chaos." It first emerged in the physi cal sci ences (Kauff man, 1995; Lewin, 1992; Nicolis & Prigog ine, 1989; Prigog ine & Sten gers, 1984; Wal drop, 1992) . Some have argued that this model is also pow er ful in under stand ing the func tion ing of social sys tems (Hwang, 1996; Kauff man, 1995; Kiel, 1991; Wheat ley, 1992) . 8 Although under stand ing of this model is still in its infancy and we can not, in any case, explain here the the ory of com plex adap tive sys tems, we can high light basic fea tures th at are impor tant for our pur poses to dis tin guish it from the mecha nis tic view.
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The domi nant meta phor for this new world view is, rather than the world as machine, the world as organ ism, with all the con se quent impli ca tions of growth, feed back, and evo lu tion. Com p lex adap tive sys tems involve net works of rela tion ships among many com po nents, which inter act in both com peti tive and col labo ra tive ways so that they coe volve and mutu ally adapt. It is per haps easi est to see this by not ing how, in a com plex eco logi cal sys tem, plants and ani mal spe cie s evolve in their activi ties in response to changes in the pat terns of those spe cies on which they depend -and in response to changes in the envi ron ment or in the intro duc tion of new spe cies. This adap ta tion occurs with out the agents in the sys tem, such as indi vid ual ani mals or plants, nec es sar ily hav ing any con scious rec og ni tion, much less delib er ate intent. Indeed, these com plex adap tive sys tems are found in phys ics and com puter sci ence as well as in bio logi cal and eco logi cal sys tems (Nico lis & Prigog ine, 1989). They seem to be mim ick ing cog ni tion in this adap ta tion process-to such a degree that Capra (1996) titles his book on the sub ject The Web of Life. This cog ni tion is, how ever, less visi ble when we look at the indi vid ual agent than when we exam ine the ensem ble, just as a n ant col ony has a level of intel li gence that is far more than the sum of its parts.
This col lec tively intel li gent, adap tive process is most likely to occur when the envi ron ment al con di tions and influ ences on the sys tems can be char ac ter ized as being at the edge of chaos rather than involv ing either sub stan tial con ti nu ity and equi lib rium or fully cha otic con di tions . Equi librium occurs in either a closed sys tem or in sys tems in a sta ble envi ron ment. In equi lib rium con ditions, a sys tem adapts to exter nal or inter nal change with mod est adjust ments, allow ing it to main tain its com para tive sta sis. Such a sys tem, how ever, has lit tle capac ity to respond to change or cha otic inputs with sig nifi cant changes of its own that would allow it to adapt to the new con d i tions effec tively. Chaos, on the other hand, is a set of rela tion ships so tur bu lent that no mean ing ful order exists in them and no adap ta tion or response is of value. The less tur bu lent phase just at the edge of chaos, how ever, is one in which there is oppor tu nity for experi men ta tion and devel op ment of new and more pro duc tive pat terns and activi ties-although often only after many fail ures. Func tion ing in a state at the edge of chaos, the par tici pants or ele ments in the sys tem can coor di nate com ple x activi ties and are bet ter able to evolve than those in chaos or equi lib rium con di tions (Kauff man, 1995) .
In this view, the inter ac tions in the net work itself lead to the sys tem's evolv ing to higher s tates of adapt abil ity. Essen tially through a process of tink er ing or ran domly experi ment ing and mak ing fur ther adap ta tions after feed back, the sys tem as a whole "learns," reject ing inef fec tive p ath ways or actions and build ing on those that pro vide more desir able results. Thus, the IBM com puter pl aying chess against Garry Kas pa rov learns from the play itself and devel ops con tinu ously improve d strate gies the more it plays. In the process of play or inter ac tion in a com plex sys tem at the edge of chaos, each par tici pant or com po nent influ ences the trans for ma tion of the oth ers. Although the gen eral pat tern of these rela tion ships may be pre dict able, the details of how the sys tem wil l behave can not be pre dicted for any spe cific case or time. For exam ple, in the case of malaria and a ho st immune sys tem, one can not pre dict how an indi vid ual will respond to infec tion-or even that a spe cific host will suc cess fully adapt. There is both struc ture and agency at work in that the p at tern or struc ture can have a strong influ ence on action by any com po nent, but ran dom or inten tiona l acts by indi vidu als can alter the struc ture.
A com plex sys tem is thus, in a basic sense, out of con trol (Kelly, 1994) . It can not be man aged by any sin gle mind or even by a com pli cated set of for mal poli cies; there is too much going on at once, too many linked com po nents, and too much feed back and adap ta tion. Research has shown that distrib uted rather than top-down intel li gence works to deal with such situa tions and per mits cre a tive, coor di nated action when many inde pend ent play ers are involved. Many agents, fol low ing sim pl e rules for adjust ing their actions, with out see ing or under stand ing the dynam ics of the larger sys tem, can effec tively coor di nate for joint action. For exam ple, flock ing behav ior of birds can be m imicked on the com puter much bet ter by apply ing to each simu lated bird a few sim ple rules, like "do not bump into another bird" and "keep up with neigh bors but not too close," than by try ing to des ign the pat tern a pri ori. The appli ca tion of this distributed-intelligence con cept results in pat terns similar to the grace ful and aero dy nami cally effi cient pat terns of flock ing birds (Kelly, 1994) .
Top-down regu la tion and con trol strat egy are far less effec tive than this kind of self-organ izing approach, based on knowl edge able agents act ing indi vidu ally when sys tems are com plex and ope rat ing in a fast-moving and unpre dict able envi ron ment.
10 For exam ple, Hutchins (1995, pp. 1-5) tells the story of a huge U.S. Navy ship that sud denly loses power in a nar row chan nel and, as a result, also loses use of the usual indi ca tors and gauges. This sets in motion a series of activi ties and com mu ni ca tions among peo ple with dif fer ent respon si bili ties around the ship as they endea vor to find a way to han dle the prob lem with out going aground or run ning over other boats. They make mis takes and have a number of par tially missed com mu ni ca tions. They come up with strate gies to oper ate with out reli able tools and gauges. The steer ing over com pen sates wildly. They discover they have no whis tle to warn an oncom ing boat. But they man age to slow the ship and drop anchor with out mis hap. In this case, par tici pants faced a situa tion that they had not faced be fore and for which there were no instruc tions. They had to invent quickly what to do. They could not con su lt or strate gize and lay out the best approach. They had to use their expe ri ence and act, even with out knowl edge of all the other con se quences on the ship of the loss of steam power or of all the oth er activi ties that were going on simul ta ne ously. Some times, one per son's judg ment was wrong, bu t oth ers com pen sated in what they did. They experi mented and reacted col lec tively, and that col lective response worked, albeit clum sily.
COM PLEX ITY AS A PER SPEC TIVE ON THE MET RO POLI TAN SYS TEM
We con tend that the met ro poli tan devel op ment sys tem in Cali for nia is now like a ship with out gauges and with out clear com mu ni ca tion among the par tici pants.
11 Each can see only a part of the prob lem, and each can act only indi vidu ally-or, at best, shout across the deck to some one else who is bus ily work ing on his or her crisis-management respon si bil ity. Suc cess ful self-orga nization and adap ta tion do not nec es sar ily occur in com plex sys tems or may only be done inade quately . If no com mu ni ca tion, feed back, or com mon pur pose exists among the par tici pants, or if one age ncy or indi vid ual tries to make rules and inter vene in a deter mi nis tic con trol ling way, the res ults are likely not only to be inef fi cient but also to quite pos si bly fail entirely to address the prob lem or even aggra vate it.
Four ideas from com plex ity the ory that will help us think in new ways about how to improve the met ro poli tan devel op ment sys tem are as fol lows:
• Sim pli fi ca tion re sults in fun da men tally wrong an swers, and fo cus on in di vid ual sec tor s sepa rately will be coun ter pro duc tive.
• Ef fects can not be di rectly linked to causes be cause an in ter ven tion re ver ber ates through the sys tem in ways that can be only par tially traced.
In nes, Boo her / MET RO POLI TAN DE VEL OP MENT
Research has shown that distributed rather than top-down intelligence works to deal with such situations and permits creative, coordinated action when many independent players are involved.
Four ideas from complexity theory that will help . . . improve the metropolitan development system . . .
• Even small changes in tro duced into the sys tem may pro duce dis con tinu ous, un pre dicted ef fects.
• Adap tive changes within a sys tem can grow from learn ing gen er ated by the in di vid ual in terac tions in the net works of sys tem par tici pants.
Met ro poli tan devel op ment in Cali for nia dem on strates these prin ci ples. Attempts at pol ic y inter ven tions have not pro duced a smooth pat tern of change; rather, they have made radi cal tra nsfor ma tions that inter ve nors did not antici pate. The sim ple effort of apart ment devel op ers to con trol prop erty taxes with Propo si tion 13 pro duced more fis cal uncer tainty, increases in other taxes and fees, more restric tions on devel op ment, rent con trols, and more state con trol over local gov e rnments. The effort of local gov ern ment to focus on the fis cal sec tor alone pro duces land use pa t terns that under mine their own reve nues over time and put heavy costs onto met ro poli tan infra struc turewhich, in turn, means there are fewer resources to go around. We can not pin point the causes of migra tion to sub urbs because social changes, qual ity of pub lic serv ices, racial atti tudes, li fe style choices, trans por ta tion tech nol ogy, and even eco nomic pros per ity may all be impli cated, al ong with other fac tors (Ful ton, 1997). Capi tal improve ments in high ways reduce con ges tion and improve air qual ity in the short run, just as improved gas mile age saves on non re new able resou rces. But both have sec ond-and third-order effects, pro duc ing an expan sion in auto mo bile use far exceed ing popu la tion growth, which ulti mately increases con ges tion as well as add ing to the attrac tive ness of low-density sub ur ban hous ing and vast auto-oriented shop ping malls. On th e other hand, in a rare case of adap tive learn ing, auto mo bile com mut ers in the San Fran cisco me tro poli tan area have devel oped prac tices of cas ual car pool ing (some would call it hitch hik i ng) among the white-collar work ers com mut ing to the city, so they can take advan tage of spe cial high way lanes for mul ti oc cu pant vehi cles. Dur ing a recent tran sit strike, pub lic offi cial s finally rec og nized the value of this effort and took steps to make such a self-organizing solu tion work bet ter by cre at ing spe cial spots in San Fran cisco where cars can legally and con ven iently st op to pick up rid ers.
The use of com plex ity the ory in under stand ing the func tion ing of the met ro poli tan sys tem tracks with new insights into the nature of changes in the social and politi cal sys tem, which hav e emerged over the past few dec ades. Char les Handy (1990) has argued that the changes soci ety must cope with are dif fer ent today because of the rapid ity of eco nomic and tech no logi cal changes. Change is dis con tinu ous rather than part of a pat tern, and even appar ently minor changes can h ave pro found impli ca tions for our lives. Handy sug gests that dis con tinu ous change requires dis c ontinu ous think ing to man age it. We can no longer think in incre mental, evo lu tion ary terms but must instead be will ing to think in terms of com pletely dif fer ent options if we are to respond to ch ange effec tively. He also observes that the model of rational con trol with top-down, cen tral ized di rec tion will not be effec tive in this radi cally dif fer ent world.
We have tried to plan and con trol world trade and world finance and to make a greener world. There should be a rational response to eve ry thing, we thought; it should be pos si ble to make a bet ter world. It hasn't worked. Man age ment and con trol are break ing down eve ry where. The new world order looks very likely to end in dis or der. (Handy, 1994, p. 11) Anthony Gid dens (1994) says these changes have pro duced "manu fac tured uncer tainty," because the effort to use advances in human knowl edge and con trolled inter ven tion has actu ally resulted in more unpre dict abil ity. This phe nome non is dem on strated by the exam ple of Cali f ornia, sum ma rized above. Gid dens attrib utes this seem ing para dox to three inter linked devel opments: globali za tion (by which he means action at a dis tance that affects each indi vid ual), em ergence of post tra di tional soci ety (in which tra di tions are sub ject to jus ti fi ca tions inst ead of accepted on the basis of faith or rit ual), and expan sion of social reflex iv ity (indi vidu als f il ter ing infor ma tion and act ing on the basis of the fil ter ing), which is both con di tion and out come of the other two.
Gid dens (1994) explains social reflex iv ity by say ing, Deci sions have to be taken on the basis of a more or less con tinu ous reflec tion on the con ditions of one's actions. "Reflex iv ity" here refers to the use of infor ma tion about the con di ti ons of activ ity as a means of regu larly reor der ing and rede fin ing what the activ ity is. (p. 84) Hence, in di vidu als rely less on tra di tions or ritu als in mak ing de ci sions and more on in f or ma tion about their con di tions of eve ry day life, the re sults of their ac tivi ties in that life, their most im por tant con cerns, and ex pert in for ma tion rele vant to these. They also de velop the habit of tun ing i nto or out of spe cific is sues based on this fil ter ing of in for ma tion. As a re sult, bottom-up de ci si on mak ing, auton omy, and de cen trali za tion in creas ingly re place cen tral ized regu la tion and hi er ar chi cal or gani za tion. In di ca tors may be come very im por tant in in flu enc ing the ac tivi ties of i n di vidu als. So cial re flex iv ity also gen er ates the ex ten sion of what Gid dens calls dia logic de moc ra ti za tionautono mous com mu ni ca tions among par tici pants form ing a dia logue in which all points of vie w can be heard to shape poli cies and ac tions rather than as an ex er cise in search of the "cor rec t" answer. This pre suma bly cre ates an im por tant role for pro cesses such as con sen sus build ing, which fa cili tate such dia logue.
In try ing to man age met ro poli tan devel op ment sys tems to achieve sus tain abil ity in an era of uncer tainty and dis con tinu ous change, we are going to have to develop strate gies that rec og n ize and adapt to these con di tions of com plex ity (Court ney, Kirkland, & Viguerie, 1997). These stra tegies will need to be based on a new under stand ing of sus tain abil ity; on the use of indi ca tor s to help guide actions and dia logue; on con sen sus build ing to enable dia logic democ racy, joint learn i ng, trust, and inno va tion; and on lead er ship to build com mon mean ing and pur pose.
COM PLEX ITY AND SUS TAIN ABIL ITY
Com plex ity the ory pro vides new insight into the elu sive goal of sus tain abil ity and sug gest s that many popu lar ways of think ing about this have been mov ing in the wrong direc tion-a direc tion that would make sense if the world were like a machine rather than like a grow ing, evolv ing organism. Essen tially, a sus tain able com plex sys tem is one that is adap tive and self-organizing, with its com po nents free to coe volve in response to changes in each other and, as a whole, chang ing in response to exter nal con di tions. It learns from the feed back it gets, as it ran domly or delib er ately experi ments with new actions. It devel ops the actions and path ways in its net work of agents tha t work most effec tively. In doing so, the sys tem grows and evolves. The char ac ter and qual ity of its results may change, and its pro duc tiv ity could even tu ally increase, even when the exter nal ch ange is one that at first appears dam ag ing. There is unlikely to be any end point for an adap tive sys tem or any ideal form; its adap ta tions are not pre de ter mined but are the prod uct of dis trib uted in tel li gence and of experi ments or even ran dom events that open up new ways of doing things. The sus tain able com plex sys tem not only sur vives but also con tinu ously under goes trans for ma tion.
The impli ca tion of this con cept is that sus tain abil ity is about process, not about a par ticu lar vision, pat tern, set of rules, or cri te rion. We can not know just what a sus tain able world wil l look like or even whether the one we have is sus tain able. If we unduly con strain our choices as we mo ve for ward, how ever (as Cali for nia has done), or impose a par ticu lar vision on those who come af ter us, we will not allow the sys tem to be adap tive and experi men tal as it encoun ters the future. Natu ral and man-made dis as ters will occur, tech nol ogy will change, and these will have impacts and rea ctions that we can not even imag ine. Such dis as ters could be trans formed into the impe tus for t he crea tiv ity that will be needed to develop a truly sus tain able soci ety.
Mechani cal and dichoto mous notions, like mak ing trade-offs between the econ omy and the envi ron ment, moreo ver, are not likely to be part of a sus tain able path. A met ro poli tan econ omy needs an ade quate envi ron ment, and the envi ron ment needs an ade quate econ omy to ensure that it can be pro tected and improved. Increas ingly, cutting-edge busi nesses rec og nize that this is a symbi otic rela tion (Myers Rich ter). A sus tain able world is also unlikely to be one in which peo p le . . . sustainability is about process, not about a particular vision, pattern, set of rules, or criterion.
con sume less. Not only is reduc tion of world wide con sump tion unlikely, but con sump tion reduction may not be the only approach to sus tain abil ity. Fos sil fuels may or may not be impor tant in a future sus tain able devel op ment path. Under the right con di tions, socie ties can develop alter na tive val ued out comes and dif fer ent ways of meet ing human needs. This can hap pen because of new tech nolo gies, but it also may result from socie ties organ iz ing them selves in new ways, so tha t new and cur rently unan tici pated val ues may emerge, and from dia logues that pro duce inno va tive responses.
The objec tion that many would surely make at this point is that it is sim ply too risky to let the sys tem take its course. We can see dis as ter ahead, and we need to develop new rules and new form s of gov ern ance that will avert the dis as ter. Maybe peo ple will wake up to this dis as ter, crit ics say, and change their val ues some day, but it is likely to be too lit tle, too late. By the time they r eact, the resources will be depleted. Peo ple and spe cies will dis ap pear while we are wait ing for socie t ies to learn.
Our response is that the rules and man dates we cre ate today will not avert dis as ter, although t hey may seem to help for a time. If we have too much hubris today and imag ine that, from our lim ited per spec tive, we can solve this com plex prob lem, we will end up hav ing the same frag mented, co unter pro duc tive devel op ment sys tem world wide that we now have in Cali for nia. We have no choi ce but to trust the intel li gence and inven tive ness of peo ple eve ry where to learn and to trans f orm the sys tem. Instead of try ing to define a vision of sus tain abil ity-how to get from here to this id eal world-we need to find ways to make the com plex sys tem we have into one that will allow the play ers them selves to turn the met ro poli tan sys tem into a col lec tive intel li gence that ca n sus tain itself indefi nitely.
WHAT AC TU ALLY CAN BE DONE?
Poli cies fail to turn out as those craft ing them desire-not only because of emer gent tech nologies, unan tici pated major events, or changes in the struc ture of the econ omy that are beyond th eir abil ity to pre dict or con trol, but also because there are so many play ers who make the city wha t it is. Busi nesspeo ple, resi dents, com mut ers, elected offi cials, and many oth ers make mil lions of d ecisions on a daily basis that add up to the evolv ing form, struc ture, and char ac ter of the cit ie s and that shape their econo mies, their vital ity, and the direc tion of change. Yet, these deci sions are lar gely beyond the reach of any for mal urban pol icy or plan, much less any top-down regu la tory strat e gy. The best plan ners can do is to help the play ers in these places to influ ence the direc tion of change.
We there fore pro pose three prin ci pal strate gies for improv ing met ro poli tan sys tem per formance, each of which tar gets a dif fer ent level or type of met ro poli tan deci sion maker. These include devel op ment and use of indi ca tors and per form ance meas ures in new ways, the use of c ollabo ra tive con sen sus build ing among stake hold ers who best under stand the dif fer ent aspect s of the met ro poli tan sys tem, and, finally, the crea tion of new forms of lead er ship. Each of these st rate gies rep re sents a way to make the whole sys tem more informed, respon sive, and trans for ma tive. Together, these strate gies can help make the met ro poli tan devel op ment sys tem more of a genu ine learn ing sys tem. The goal is to achieve not only what is known as single-loop learn ing, in whic h infor ma tion can be used to keep the sys tem on track in response to varia tions and exter nal cha nges, but also double-loop learn ing (Argy ris & Schön, 1974, p. 50ff) . Double-loop learn ing involves not just main tain ing equi lib rium, but also reas sess ing goals, pur poses, and processes. This kind of learn ing results in fun da men tal trans for ma tions in agents and in the sys tem.
In this con text, actions that will make a dif fer ence are related to the improve ment of sys tem perform ance rather than sim ply to the per form ance of one aspect for a short time. Sus tain abil it y is a char ac ter is tic of a whole sys tem, and we can only work toward it by think ing in sys tem terms , which are unfa mil iar to most peo ple. A well-performing, sus tain able met ro poli tan sys tem, for exam ple, may be one that shows a high degree of adapt abil ity to global and tech no logi cal chan ge and in which the econ omy moves to higher lev els of pro duc tiv ity rather than stag nat ing or co l lapsing into chaos. It is one in which the vari ous juris dic tions work together to meet regional need s for water, trans por ta tion, hous ing, eco nomic devel op ment, and reve nues over the long term and i n which they have the capa bil ity to look col lec tively at the inter ac tions and rela tion ships a mong these sub sys tems and to act at a sys tem level rather than for their own paro chial inter ests.
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In di ca tors
To cre ate a sus tain able sys tem and enhance the reflex iv ity of its par tici pants, feed back a nd conver sa tion are essen tial. The agents in the sys tem must have knowl edge so they can learn, repai r, and redes ign their own sys tem. They also must explore and dis cuss among them selves the mean ings and impli ca tions of the knowl edge as well as attempt to antici pate the con se quences of vari o us responses to it. For this pur pose, we believe three types of indi ca tors will be needed 13 -indi ca tors that are the prod uct of the col lec tive intel li gence of many agents, closely linked in con tent and design to the val ues and mean ing sys tems of those agents, and directly rele vant to the choices and oppor tu ni ties that face them. These are not pro posed to be all-purpose data banks but rather f ocused ways to extend the con ver sa tion and the knowl edge of par tici pants. These are indi ca tors to pro vide feed back not only to plan ners and pol icy mak ers but also to resi dents, migrants, busi nesses, commu nity groups, and pub lic agen cies so they can make simul ta ne ous adjust ments in their own ta sks and move the sys tem more in a desired direc tion. Get ting the selec tion and design of these indi cators exactly right (even the imper fect infor ma tion and faulty gauges on the ship were use ful as a start ing place) is less impor tant than engag ing the play ers in the design of the meas ures, in the under stand ing of their mean ings and lim its, and in the devel op ment of responses to them. Thes e meas ures and their impli ca tions must become sec ond nature to the peo ple who have to inter nal ize them so they can respond appro pri ately and quickly. They will learn, through their own "praxis" a s home own ers, plan ners, or elected offi cials, to react to what the indi ca tors seem to show. The y will learn by work ing together and com mu ni cat ing about what they think is hap pen ing and what they think is work ing. In try ing to resolve their dif fer ences, these con ver sa tions have the poten tial for double-loop learn ing rather than sim ply reac tive, single-loop approaches.
First, sys tem indi ca tors are needed-a few key meas ures that reflect the cen tral val ues of concern to met ro poli tan play ers and serve as bell weth ers for the health of the over all sys tem. The design and use of these over time will help to form a com mon sense of direc tion and mis sion. The effort to develop two or three meas ures that really express the health and nature of the sys tem w ill edu cate the par tici pants about how the sys tem works and what they col lec tively need it to acc omplish. Pre par ing these is the clos est to cen tral guid ance for a com plex sys tem, and they are likely to meas ure a broad mis sion, like "dock the boat with out mis hap" or "pro vide for the well-being o f all urban resi dents." The effort will require devel op ing some agree ment among a wide range of partici pants on the kind of city they want and per haps on what they mean by sus tain abil ity.
14 An example might be a meas ure com par ing eco nomic per form ance with a pol lu tion or envi ron mental cleanup meas ure. 15 Alter na tively, a meas ure of the annual growth of sprawl might be devel oped. Sec ond, a set of per form ance meas ures reflect ing spe cific out comes of vari ous aspects of th e sys tem-such as the street or park sys tem, the state of the water resources, or the pro vi sion of social serv ices-will allow pol icy mak ers, busi nesses, or oth ers to assess whether they should adjust specific poli cies. Per form ance meas ures help the expe ri enced pol icy maker or plan ner to make s ense of many inter linked activi ties and ongo ing events to fig ure out how to act. Per form ance meas ures, which have got ten inter na tional rec og ni tion in Rein vent ing Gov ern ment (Osborne & Gae bler, 1992) , are being widely pro moted in the United States under the White House and Vice Presi dent Gore's lead er ship 16 as a cru cial ele ment in the reori en ta tion of gov ern ment to give atten tion to "customer sat is fac tion" and to ongo ing moni tor ing of actions by bureau crats, plan ners, and loca l, state, or regional elected offi cials. They are designed to pro vide feed back and account abil ity, but t hey are not evalua tive meas ures for reward ing or pun ish ing par tici pants. Instead, they are col lec t ively inter preted by expe ri enced par tici pants, who bring an under stand ing of spe cific events and unique con di tions that affect the meas ure. 17 In the con text of the Cali for nia met ro poli tan sys tem, for exam ple, per form ance meas ures might include the number of acres of inner-city land vacant or aban doned, the acres of agri cul tural land used for hous ing, or travel times on key high way seg ments. Rapid feed back indi ca tors are the third type. These are designed to help indi vidu als and businesses on a daily basis to get what they need in the most effi cient or cost-effective way to help them make choices and daily deci sions in a real-time con text. In the final analy sis, a com mu nity i s what the indi vidu als, busi nesses, and agen cies in that place do and have done in the past. It is a p rod uct of the things they cre ate, pro duce, and repro duce over time, whether build ings, prac tices, or ins ti tutions. It is in dynamic rela tion with the geo graphic, physi cal, politi cal, and eco nomic con te xt in which it sits. Each of these agents reacts not only to oth ers but also to per cep tions of changes in the con text and feed back on the results of their own actions. Today, the home own ers and rent ers, c ommut ers, entre pre neurs, shop keep ers, clerks, labor ers, serv ice pro vid ers, and regu la tors have poor or lim ited infor ma tion to guide their daily actions. They do not typi cally know much about the imme di ate con se quences of their own actions-for exam ple, how long it will take them to travel to a neigh bor ing town for shop ping if they take their intended route or how much money it costs to water their lawns. Yet, these are forms of infor ma tion that we now have the tech nol ogy to pro v ide on a real-time basis so that these peo ple could make choices that would be effi cient both for th em and for the sys tem.
Con sen sus Build ing
A sec ond strat egy for help ing cre ate a more adapt able and sus tain able met ro poli tan sys te m is to estab lish mul tistake holder and inter agency or even inter ju ris dic tional consensus-building processes designed to address prob lem atic aspects of the sys tem, such as air or water qual ity, down town rede vel op ment, or met ro poli tan man age ment of growth.
18 These can even be used to develop new strate gies for state wide leg is la tion that are not heavy-handed regu la tion but i ntro duce changes to the incen tive struc tures and oppor tu ni ties for self-organization. 19 The type of con sen sus build ing to which we refer involves stake hold ers on dif fer ent sides of an issue, each with kno wledge and expe ri ence. Typi cally, it involves facili tated, face-to-face, long-term dis cus sion s or gan ized around a task, such as devel op ing a trans por ta tion plan or an agree ment on water use. It is a form of what Anthony Gid dens (1994) calls dia logic democ racy and results in the spread of social reflex iv ity as a con di tion of both the day-to-day activi ties of the par tici pants and their col lec tive actions as part of the con sen sus group. It also has the capa bil ity to cre ate active trust amon g the partici pants (Gid dens, 1994) . This type of process is grounded in interest-based bar gain ing (Fish er & Ury, 1981) and the tech niques of media tion. The method ensures that all feel com fort able and al l are heard, that assump tions and bounda ries are all legiti mate for chal lenge, that tech ni cal i nfor mation is pro vided to and tested by the group, and that con sen sus is sought on any actions taken. This model has been insti tuted for such con tro ver sial regional issues in Cali for nia as growth man agement, habi tat con ser va tion, water sup ply man age ment, and trans por ta tion.
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Expe ri ence has shown that many consensus-building processes have prop er ties simi lar to com plex sys tems-self-organization, decen trali za tion, and inven tive ness (e.g., Innes, Gru be r, Neu man, & Thomp son, 1994, p. 45) . Because con sen sus build ing maps so effec tively onto these com plex sys tems, it can be a par ticu larly pow er ful plan ning method (Ska bur skis, 1995). Ind eed, it is no coin ci dence that Cali for nia is a state in which these processes are being cre ated; they are a logi cal, prag matic response to frag men ta tion and con tro versy, and they bring together those who know most about how the processes work "on the ground" and who are most in a posi tion to change the sys tem. These processes involve con tinu ing dia logues to work out how to act, at what point in the sys tem to inter vene, and how to moni tor and adapt in response to feed back. Typi cally, these groups become acutely aware of the need for flexi bil ity in the future. They make pro posals full of con tin gent strate gies and estab lish new col labo ra tive group processes to over se e imple men ta tion. As a result of their learn ing, they become sen si tized to the nature of the co mplex sys tem. As a result of their com mu ni ca tion and, in some cases, of trans for ma tive learn ing, they can improve on the oth er wise clumsy and imper fect self-organizing responses of the system. Like dia logic democ racy gen er ally, the learn ing, active trust, and future coop era tion c ontrib ute to mutual tol er ance and adapt abil ity of the sys tem, even if a final con sen sus prod uct is not achieved. 
LEAD ER SHIP
A new type of lead er ship is required to oper ate inno va tively and appro pri ately in this com p lex, dynamic met ro poli tan sys tem. We need to think of lead er ship in some of the new ways that are being iden ti fied in the lit era ture of busi ness and pub lic man age ment. 21 Lead ers in a world of complex uncer tainty have vision and focus; they are able to trans late this into mean ing and are cap a ble of com mu ni cat ing this mean ing; they are able to build trust through com mit ment, pas sion, an d integ rity; and they empha size learn ing and risk tak ing in them selves and in oth ers.
We believe Peter Senge, in his impor tant book The Fifth Dis ci pline (1990), has pro vided a good begin ning to under stand ing the nature of lead er ship in this world of com plex ity and dis con tinu ous change. The first of his five learn ing dis ci plines is sys tems think ing. Sys tems think ing is a dis cipline for see ing wholes and inter re la tion ships rather than things. It is first because each of the other four dis ci plines is also con cerned with see ing wholes instead of parts and with see ing peo ple as active par tici pants in shap ing real ity instead of as pas sive reac tors. The other learn ing di s ci plines empha size per sonal growth and learn ing, cre at ing and learn ing to work with shared men tal mod els, build ing shared visions, and team learn ing. Team learn ing has three criti cal dimen sions. It re quires insight ful thought about the com plex issues, inno va tive and coor di nated action, and crossparticipation of mem bers in many teams.
Instead of the lead er's iden ti fy ing the answers and push ing through his agenda and pro gram un ilat er ally or in com bi na tion with a few advi sors, these lead ers must be able to help the many par ticipants develop a com mon sense of val ues and pur pose, instill a sense of mas tery and empow er men t among all the play ers, and encour age and sup port them in organ iz ing them selves, learn ing fro m one another, and inno vat ing. These lead ers must be able to draw on many dis ci plines and skills , to cre ate and man age group learn ing processes, and to lis ten. They must help to iden tify the task s to be done and the play ers to be brought together. They must them selves be self-reflective, like Schön 's (1983) reflec tive prac ti tio ner or Soros's (1997) reflex ive entre pre neur. Noth ing can be ass umed in the com plex uncer tain world we face. Those who help man age it best are those who can bring out the crea tiv ity in them selves and oth ers.
CON CLU SION
The expe ri ence of Cali for nia offers an exam ple of the inef fec tive ness of approaches to met ropoli tan devel op ment when based on cen trali za tion and con trol. In the face of rapid and often discon tinu ous change, globali za tion, the emer gence of post tra di tional soci ety, and expan sion of social reflex iv ity, we need to develop new con cepts for met ro poli tan devel op ment and sus ta in ability. Big gov ern men tal schemes, based on exten sive rules and cen tral ized direc tion that ignor e the mul ti plic ity and diver sity of actors in the met ro poli tan sys tem, sim ply do not work (Scott , 1998) . We believe the emerg ing field of com plex adap tive sys tems offers one model that may be use ful in evolv ing more adap tive strate gies for met ro poli tan devel op ment, result ing in more sus tain able econo mies and envi ron ments. This model sug gests to us that met ro poli tan devel op ment strate gies require three ele ments to be suc cess ful: con sen sus build ing and other simi lar col labo ra ti ve processes, use of a sys tem of indi ca tors to pro vide the vari ous actors with feed back, and a n ew style of lead er ship that empha sizes col labo ra tive learn ing, com mit ment, integ rity, and pas sion . Indeed, our expe ri ence, although only par tially docu mented at this point, sug gests that these ele ments ar e already begin ning to emerge in a self-organizing way in response to the dis con tinu ous change in Cali f or nia. This gives us a sense of opti mism about the future, despite the appar ent tur moil of the pres ent.
NOTES
1. These are elected in non par ti san local elec tions, often by dis trict. Thus, these elected o ffi cials are highly inde pendent and cer tainly are not gov erned by party dis ci pline.
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Leaders in a world of complex uncertainty have vision and focus; they are able to translate this into meaning and are capable of communicating this meaning; they are able to build trust through commitment, passion, and integrity; and they emphasize learning and risk taking in themselves and in others.
